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Objective: To investigate the impact of undertaking long-distance air travel to a specialized medical center
while pregnant in order to undergo fetoscopic laser coagulation (FLC) for twin-to-twin transfusion syndrome
(TTTS). Methods: A retrospective cohort study was conducted of women with TTTS who travelled by air
(n=16) or land (n=61) to the Centre of Perinatal Diagnosis and Microinvasive Fetal Surgery, Mainz, Germany,
between January 1, 2006, and December 31, 2010. All women underwent FLC on arrival at the study center.
Neonatal outcome, postoperative neonatal survival rates, and rates of adverse effects were recorded. Results:
The postoperative survival rate for a single twin was 100.0% (n=16) in the ﬂight group and 98.3% in the
land transportation group (n=60). The postoperative survival rate for both twins was 81.3% in the ﬂight
group (n=13) and 75.4% (n=46) in the land transportation group. No differences in neonatal outcome or
the rate of adverse effects were observed between the 2 groups. No ﬂight-related pregnancy complications
were recorded. Conclusion: Long-distance air travel to a specialized tertiary care medical center is sufﬁciently
safe to warrant recommendation to pregnant women with TTTS who require FLC.
© 2012 International Federation of Gynecology and Obstetrics. Published by Elsevier Ireland Ltd. All rights reserved.1. Introduction
Twin-to-twin transfusion syndrome (TTTS) is a perilous state that
occurs in approximately 8%–15% of all monochorionic twin pregnan-
cies. Without treatment, the neonatal outcome is poor, with a perina-
tal loss rate of 70%–90% [1,2].
A randomized controlled study showed that fetoscopic laser coag-
ulation (FLC) of placental anastomoses may improve fetal outcome in
cases of TTTS and that this technique is superior to amniodrainage [3].
Nevertheless, the use of FLC remains problematic in some centers,
where the efﬁcacy of the method cannot be proven, possibly owing
to lack of proﬁciency by the surgeons performing the procedure [4].
As is evident from the available literature [2,5], FLC requires an expe-
rienced surgeon, since successful occlusion of all placental anastomo-
ses is a precondition for the long-term success of the operation.
In certain circumstances, transportation of women with TTTS to
centers staffed with professionals having the necessary experience to
perform FLC is vitally important. The question that remains open, how-
ever, is whether long-distance air travel is safe for pregnant women
with this condition.bstetrics and Fetal Medicine,
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chirikov).
eration of Gynecology and Obstetrics.Some literature is available in which the risks associated with air
travel—such as aircraft noise, radiation exposure, and reduced air
and oxygen pressure within the cabin—have been reviewed for
healthy pregnant women with singleton pregnancies [6–8]. Nonethe-
less, the conclusions reached in these studies are not always sufﬁcient
to guide the use of air transportation for women with complicated
pregnancies. Some investigations have been performed which ad-
dress concerns related to women with complicated pregnancies
who need to travel by plane for treatment at a highly specialized
tertiary care medical center [9–11]. These studies set the risks of air
travel against the beneﬁts of specialized high-level care. The rele-
vance of the data is, however, limited by the fact only air transporta-
tion over short distances was evaluated. In addition, some women
travelled by helicopter, in which case the effects of lowered cabin
pressure were not an issue.
The aim of the present study was to evaluate the risks and beneﬁts
of long-distance air travel among a group of pregnant women with
severe TTTS requiring FLC at a specialized tertiary care medical center.
2. Materials and methods
A retrospective cohort study was conducted of pregnant women
with TTTS who had travelled from Eastern Europe to the Centre of
Perinatal Diagnosis and Microinvasive Intrauterine Fetal Surgery at
the University of Mainz, Germany, by plane (n=16) or by land (con-
trol group; n=61) during the period January 1, 2006, to December
31, 2010.Published by Elsevier Ireland Ltd. All rights reserved.
Fig. 1. Distance in miles and ﬂight times from the point of departure in Eastern Europe
to the point of arrival (Frankfurt International Airport, Germany).
Table 1
Selected characteristics of the 2 study groups.a
Characteristic Air transportation
(n=16)
Land transportation
(n=61)
P value
Age, y 30.12±4.61 30.41±4.32 >0.05
Gestational age at FLC, d 152.06±13.64 145.33±14.10 >0.05
Estimated weight of the
recipient, g
520.54±192.85 443.23±152.35 >0.05
Estimated weight of the
donor, g
354.69±89.78 320.76±117.13 >0.05
UA PI (recipient) 1.34±0.58 1.38±0.41 >0.05
UA PI (donor) 1.96±0.81 1.49±0.64 0.01
Volume of drained amniotic
ﬂuid, mL
1980.00±960.80 2405.94±1188.57 >0.05
Duration of the operation, min 38.09±12.46 36.80±16.67 >0.05
Energy spent on coagulation, J 9780.53±5938.01 7149.30±4940.32 >0.05
No. of anastomoses
(donor to recipient)
8.21±3.95 6.30±3.68 0.03
No. of anastomoses
(recipient to donor)
3.44±3.36 3.57±2.96 >0.05
Anastomoses (undeﬁned), no. 2.00±0.00 1.58±1.26 >0.05
Abbreviations: FLC, fetoscopic laser coagulation; UA PI, pulsatility index in the umbili-
cal artery.
a Values are given as mean±SD unless otherwise indicated.
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pregnancy complicated by polyhydramnios of 8 cm or greater in the
deepest vertical pocket of the recipient fetus at or before 20 weeks
of gestation (or of at least 10 cm from 20 weeks of gestation
onwards), and by oligohydramnios of less than or equal to 2 cm in
the deepest vertical pool depth in the donor fetus. Inclusion criteria
for undergoing FLC were TTTS Quintero stages I–IV and a gestational
age of 16–26 weeks [12]. Exclusion criteria were a major fetal
anomaly, chromosomal pathology, ruptured amniotic membranes,
uncontrolled uterine contractions, and any maternal condition
mandating delivery.
All participants underwent FLC of placental anastomoses as the
treatment for TTTS. The study protocol was approved by the
Institutional Review Board of the University Medical Centre of
Johannes Gutenberg-University of Mainz. All procedures were con-
ducted according to the Helsinki Declaration. Informed written consent
was obtained from each of the women prior to surgical intervention.
Participants received a 100-mg indomethacin suppository on the
evening prior to surgery and immediately before the operation on
the following day. All FLC surgical procedures were performed in
the operating room under sterile conditions and local anesthesia
using 20 mL of a 1.0% Scandicain solution (AstraZeneca, Wedel,
Germany), which was injected into the peritoneum under ultrasono-
graphic control. A trocar and a lens optic were inserted via a 2-mm
skin incision into the recipient fetus’ amniotic cavity under continu-
ous guidance using the iU22 xMATRIX ultrasound system (Philips
Medical, Hamburg, Germany) and according to the site of the placen-
ta and operator preference.
All lens optics used in the FLC procedures were supplied by Karl
Storz (Tuttlingen, Germany). Up until 2008, a classic 2.0-mm diame-
ter 26008AA (0°) lens optic was used together with the 2661U sheath
(2.5×3.6 mm; sectional area, 6.63 mm2) for cases with posterior lo-
calization of the placenta, while a 2.0 mm diameter 26008BUA lens
optic (30°) with the 2661UF sheath (3.1×4.3 mm; sectional area,
11.27 mm2) was used in cases with anterior placenta localization.
From 2008, a 1.0-mm ﬂexible ﬁber 11510A fetoscope and curved
11510 KD sheath with 2 working channels (1.3×2.6 mm, sectional
area: 2.65 mm2) modiﬁed for anterior placenta was used. A 1.2-mm
diameter 11530AA lens optic with a curved fetoscopic 11530 KB
sheath with 2 working channels (1.6×2.9 mm; sectional area,
3.34 mm2) was used in some instances. These included polyhydram-
nios greater than 3 L in the presence of posterior placentation (n=3)
and a body mass index (BMI, calculated as weight in kilograms
divided by the square of height in meters) above 35 (n=1).
The vasculature on the surface of the monochorionic placenta was
carefully mapped and anastomoses between the twin circulations
were identiﬁed. The selective closure of all placental anastomoses be-
tween the twins was performed using the Medilas Fibertom 8100 Nd:
YAG laser set (Dornier MedTech, Wessling, Germany) at 50–60 watts
and with a 0.7-mm laser wire. Excess amniotic liquor was drained to a
normal pool depth of 4–5 cm. At the end of the procedure, care was
taken to ensure that all anastomoses had been closed.
Outcome measures included neonatal survival rates, gestational
age and body weight at birth, and Apgar score.
Data were analyzed using STATISTICA version 8.1 (StatSoft, Tulsa,
OK, USA). The values of the core parameters for the 2 groups were
compared using the unpaired t-test and analysis of variance. P values
below 0.05 were considered statistically signiﬁcant.
3. Results
Women in the air transportation group landed at Frankfurt
International Airport, which is located approximately 35 km from
the study center in Mainz (Fig. 1). The maximum altitude of ﬂight
was approximately 11 900 m. The cabin pressure equaled the air
pressure at a height of 2440 m above sea level; the atmosphericpressure at a height of 12 000 m was 190 hPa; and the concentration
of oxygen in the cabin was equal to normal levels on the ground. The
shortest ﬂight time was 2 hours 25 minutes (Minsk to Frankfurt),
while the longest ﬂight took almost 7 hours (Novosibirsk to
Frankfurt). The carrier was Aeroﬂot for all ﬂights, except Minsk to
Frankfurt (Lufthansa). Women in the land transportation group
were traveling from Western Europe—mostly Germany—by train,
bus, car, or a combination of these methods.
The women in the 2 travel groups were comparable with respect
to age, BMI, and medical history. The mean gestational ages at the
time of surgical intervention were 152.06±13.64 days in the air
transportation group and 145.33±14.10 days in the land transporta-
tion group (P>0.05; Table 1).
Most of the cases were TTTS Quintero stage II or III, with no differ-
ence in proportion. The pulsatility index in the umbilical artery of the
donor was increased in the ﬂight transportation group (P=0.01;
Table 1). This ﬁnding might reﬂect the fact that the mean number
of donor-to-recipient anastomoses was signiﬁcantly higher among
women in the air transportation group than in the land transporta-
tion group (P=0.03). The fact that they came to the study center
Fig. 2. Neonatal survival rates after fetoscopic laser coagulation.
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countries (n=9) and, thus, had a relative time loss in terms of under-
going FLC could also contribute to this difference.
No associated oligohydramnios were detected in the recipient sac
and no secondary bleeding or abruption occurred. No cases of twin
anemia-polycythemia sequence or re-TTTS were observed. No mater-
nal complications were recorded, except for abdominal pain during
the ﬁrst 24 hours after surgery, which was presumably related to
the amount of amniotic ﬂuid that might have passed into the
abdominal cavity owing to the speciﬁc sheath shape. In all cases, it
was possible to eliminate this pain quite rapidly by encouraging
early activity, changes in posture, or administration of a single dose
of a non-opioid analgesic.
As shown in Fig. 2, the postoperative neonatal survival rate for a
single twin was 100.0% (n=16) in the air transportation group and
98.3% (n=60) in the land transportation group. The neonatal survival
rate for both twins was 81.3% (n=13) in the air transportation group
and 75.4% (n=46) in the land transportation group. No signiﬁcant
differences were detected between the 2 groups.
Outcomes after FLC are presented in Table 2. Women who under-
went long-distance air travel before surgery had similar neonatal out-
comes to the women who had travelled to the study center by land.
4. Discussion
Several studies concerning the risks of air travel during pregnancy
have already been published. Indeed, Föllmer and Nawjoks [13]
discussed this issue as early as 1965. On the basis of a case series,
these authors estimated that the lowered air pressure of a ﬂight
cabin would harm the fetus and could cause severe fetal malforma-
tion, spontaneous abortion, and stillbirth [13]. Although this early
study lacked statistical evidence, subsequent studies identiﬁed sever-
al risk factors for pregnant women and their unborn children during
commercial ﬂights [6,9].
The ﬁrst point of discussion is the possible impact of reduced
cabin pressure typical of modern commercial aircraft. The oxygenTable 2
Pregnancy and neonatal outcomes after fetoscopic laser coagulation.a,b
Characteristic Air transportation
(n=16)
Land transportation
(n=61)
Gestational age at birth, d 242.00±18.57 224.38±33.30
Apgar score of the recipient
(1st minute)
8.00±1.16 7.60±1.69
Apgar score of the recipient
(5th minute)
8.70±1.34 8.76±1.11
Apgar score of the donor (1st minute) 7.75±1.28 6.68±2.41
Apgar score of the donor (5th minute) 8.62±1.19 8.38±1.40
Weight of the recipient, g 2275.43±656.45 1917.41±609.71
Weight of the donor, g 1890.73±936.97 1735.86±638.18
a Values are given as mean±SD.
b No signiﬁcant differences were detected for any of the comparisons.consumption of pregnant women can decline by up to 13% at the
maximum cruising altitude, which could lead to a considerable de-
crease in maternal oxygen saturation during the ﬂight [6]. Whether
such changes in the oxygen uptake of pregnant women have a nega-
tive effect on the fetus remains unclear [7]. However, regarding ma-
ternal complications, lowered oxygen pressure in ﬂight cabins may
cause venous thromboembolism [9].
Venous thromboembolism is a key point of discussion, as both
pregnancy and air travel are known risk factors for this condition [14].
Beside the procoagulant effect of hypoxia, the elevated risk of venous
thromboembolism during air travel is thought to occur as a result of
immobilization, the unphysiologic position (i.e. lowered legs) on air-
craft seats, and dehydration [6]. However, it should be noted that no
thrombotic complications occurred in the present study.
Another concern is that air travel increases exposure to cosmic ra-
diation. The fear of negative effects of daily exposure to radiation has
led to several studies concerning the statistical and non-statistical ef-
fects of radiation on the unborn child [15]. As a result of this research,
the acceptable total radiation dose during an entire pregnancy was
set at 1 mSv, a value incorporated into a noncommittal recommenda-
tion in the USA (National Council on Radiation Protection and
Measurement) and written into law in the European Union. Some ev-
idence suggests that radiation exposure during an intercontinental
ﬂight is approximately 150 μSv, a ﬁgure well below the suggested
limiting value [15].
Physiologic stress during a ﬂight has been implicated in pregnancy
complications, such as preterm labor, vaginal bleeding, and placental
disruption [6]. Nevertheless, no statistical evidence is available to
suggest that travelling by plane does actually increase the risk of
these complications [8]. Furthermore, the health risks of aircraft
noise have only been investigated in pregnant women during chronic
exposure; for example, when living in close proximity to an interna-
tional airport [16].
Besides these pathophysiologic considerations, there are some
practical concerns about pregnant women travelling by plane. The
equipment needed in case of an obstetric complication is generally
lacking on commercial ﬂights and aircraft personnel are not trained
to deal with such complications [17]. Given that FLC for TTTS normal-
ly takes place between the 20th and 26th weeks of pregnancy, there
seems no problem with the practice employed by most airlines to
carry pregnant women up until 32–36 weeks of pregnancy [8]. In
the present study, therefore, Aeroﬂot´s internal instruction to convey
pregnant women up until 36 weeks of pregnancy was not a limiting
factor for transportation of patients to the study center.
The ﬁndings of the present study support the assumption that
long-distance air travel to a tertiary care medical center can be carried
out in cases of TTTS. The main focus of the current study was that the
advantages of state-of-the-art intrauterine treatment with FLC in the
setting of a specialized medical center seemingly outweigh the risks
of air transportation while pregnant. The data are consistent with
studies from sparsely populated regions, such as the midwest of the
USA or rural Australia, where transportation of pregnant women by
plane is even used in cases of common pregnancy complications
(e.g. preterm labor or hypertensive crisis) [9–11,18]. As certain fetal
conditions exist that can only be treated in a few medical centers
worldwide, long-distance air transportation during pregnancy should
also be considered an option in more-densely populated regions.
A review of complications during ﬂights on several airlines show
that the occurrence of pregnancy-related complications is overrated
[19,20]. As childbirth during a ﬂight is considered a rather spectacular
event, it is understandable that these cases, when they occur, are
given exaggerated attention in the mass media, even though such
an occurrence does not reﬂect the reality of medical complications
in commercial aircraft. On the basis of the available data, the risk of
preterm labor or even childbirth during ﬂights to and from a special-
ized medical center is low.
263M. Tchirikov et al. / International Journal of Gynecology and Obstetrics 117 (2012) 260–263The present study does, however, have several limitations. First,
the study population was rather small. TTTS is not a frequent compli-
cation of pregnancy. As a consequence, studies with a large number of
cases would be possible but not easy to organize. Second, the study
design was retrospective. Both of these facts limit the statistical
power of the ﬁndings. Given that specialized medical treatment for
pregnancy complications is likely to become more common in the fu-
ture, additional research in this ﬁeld is clearly warranted to evaluate
fully the safety of long-distance air travel during pregnancy.
Neonatal outcome after FLC for TTTS strongly depends on the indi-
vidual surgeon's skills. Air travel to a tertiary care medical center
staffed with appropriately trained and experienced operators is,
therefore, likely to be sufﬁciently safe to recommend to all pregnant
women with such a diagnosis.
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